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INTRODUCTION 
The develcpment o f  c c n t r o l  methods f o r  p i n e  and meadow 
v c l e s  i n  o rcha rd  h a b i t a t s  h a s  met w i th  l i m i t e d  succes s .  
Though numerous p h y s i c a l ,  mechanica l ,  and chemical methods 
have been recommended f o r  l i m i t i n g  v c l e  popu la t ions ,  few 
have e f f e c t i v e l y  reduced and mainta ined v o l e  p o p u l a t i c n s  a t  
minimal d e n s i t i e s  f o r  extended pe r iods  c f  t ime. Though t h e  
u s e  c f  chemicals  h a s  been t h e  most e f f e c t i v e  c o n t r c l  method 
developed i t  h a s  n o t  r e s u l t e d  i n  t h e  e x t i n c t i c n  o f  p e s t  
p c p u l a t i c n s .  The i n i t i a l  a p p l i c a t i c n  o f  r o d e n t i c i d e s  
f r e q u e n t l y  c a u s e s  a  s i g n i f i c a n t  r e d u c t i o n  i n  p e s t  s p e c i e s ,  
b u t  due t o  t h e i r  h igh  i n t r i n s i c  r a t e  c f  i n c r e a s e ,  v c l e  
d e n s i t i e s  q u i c k l y  r i s e .  Because c f  h igh  c o s t s  many o rcha rd  
owners can  n o t  app ly  r o d e n t i c i d e s  f r e q u e n t l y  encugh t o  
c o n t i n u a l l y  s u p p r e s s  v o l e  popu la t ions .  'What is  needed f o r  
e f f e c t i v e  r c d e n t  c o n t r o l  t h e r e f c r e ,  is  a  means o f  
ma in t a in ing  low v c l e  p c p u l a t i o n s  a f t e r  an  i n i t i a l  
r o d e n t i c i d e  a p p l i c a t i o n .  A p c t e n t i a l  means c f  ach iev ing  
such c c n t r o l  is thrcugh t h e  use  c f  n a t u r a l  p r e d a t c r s .  
Tc q u a l i f y  a s  an  e f f e c t i v e  mcde c f  b i c l o g i c a l  c o n t r o l  
f o r  v c l e s  i n  o r c h a r d s  a  p r e d a t o r  must 1 )  f c r s g e  i n  o rcha rd  
h a b i t a t s  2)  u s e  v o l e s  a s  a  primary focd sou rce  and 7 )  
e x h i b i t  mcdera te  o r  weak t e r r i t c r i a l l y  t c  permi t  s e v e r a l  
i n d i v i d u a l s  t c  f o r a g e  i n  one a r e a .  A p r e d a t o r  which 
q u a l i f i e s  f c r  each c f  t h e s e  requirements  is  t h e  ba rn  cwl 
( ~ ~ t c  a l b a ) .  
Barn owls a r e  h i g h l y  s p e c i a l i z e d  r cden t  p r e d a t o r s  which 
f eed  p r i m a r i l y  on m i c r c t i n e s ,  i nc lud ing  p ine  (Mic rc tus  
p inetcrum) and meadcw (M. pennsylvanicus)  vcle=and 
S h r i n e r ,  1951; P h i l l i p s ,  1951; Parmalee,  1954; Mar t i ,  1969; 
R i c k a r t ,  1972) .  These cwls  a r e  p r i m a r i l y  n c c t u r n a l  and 
f c r a g e  i n  open a r e a s ,  i n c l u d i n g  c r c h a r d s  (Merscn and Byers ,  
1981) ,  r a t h e r  t han  f c r e s t e d  a r e a s .  Barn cwls w i l l  u s e  n e s t  
boxes a s  supplementary n e s t i n g  s i t e s  and e x h i b i t  weak 
t e r r i t c r r i a l i t y  and ove r l app ing  hun t ing  ranges  (Lenton,  
1980) .  Because o f  t h e s e  c h a r a c t e r i s t i c s  ba rn  cwls  a r e  a  
gccd c a n d i d a t e  f c r  u s e  a s  b i c l o g i c a l  c c n t r c l  agen t s .  
The impact a  p r e d a t o r ,  such a s  a  ba rn  owl, h a s  on a n  
ecosystem is  l a r g e l y  dependent c n  which and how many prey 
i n d i v i d i a l s  i t  c a p t u r e s - t o  f u l f i l l  i ts food requirements .  
Thcugh b a r n  owls a r e  known t o  f eed  on m i c r o t i n e s ,  i t  i s  n o t  
c l e a r  whether  m i c r o t i n e s  a r e  t h e  p r e f e r r e d  prey  c f  ba rn  owls 
and a r e  t h u s  s e l e c t e d  ove r  o t h e r  a v a i l a b l e  prey  s p e c i e s .  
The o b j e c t i v e s  c f  t h i s  s tudy  were t o  de termine  what prey  
t y p e s  a r e  most v u l n e r a b l e  t o  ba rn  cwl p r e d a t i o n  and what 
prey  c h a r a c t e r i s t i c s  a r e  o f  primary impor tance  i n  
de t e rmin ing  prey  v u l n e r a b i l i t y  t o  ba rn  owls. The r e s u l t s  o f  
t h i s  s t u d y  w i l l  p rov ide  b a s i c  i n fo rma t ion  on ba rn  owl food 
s e l e c t i o n  t c  de termine  t h e i r  p o t e n t i a l  a s  a  means o f  
b i o l o g i c a l  c o n t r o l  i n  orchards .  
MATERIALS AND METHODS 
Twc b a r n  owls caught  i n  J u l y ,  1979 i n  Blacksburg,  Va. 
- 
d i n  l a b o r a t c r y  c o l o n i e s  on a  16L:8D l i g h t  c y c l e  
w i th  Microtus  pennsylvanicus  f ed  r a b b i t  p e l l e t s ,  M. 
pinetorum f e d  Wayne l a b  b lox  supplemented w i t h  app le  and 
sun f lower  s e e d ,  and P. leucopus  f ed  Wayne l a b  b lox  ad l i b .  
Water was a v a i l a b l e  a t  a l l  t imes .  The owls were mainta ined 
i n  a  s emi -na tu ra l  ou tdoor  enc losu re s  ( 6  by 12 by 4m) and f e d  
randcmly s e l e c t e d  l i v e  prey  ad l i b .  excep t  du r ing  prey  
s e l e c t i c n  exper iments .  
S e l e c t i o n  teats. S e l e c t i c n  t e s t s  were performed u s i n g  
p a i r w i s e  compariscns o f  t h e  t h r e e  prey  s p e c i e s .  The 
ccmparisons made were M. pinetorum a d u l t s  t e s t e d  wi th  c. 
pennsylvanicus  a d u l t s  and j u v e n i l e s ,  and P. leuccpus  a d u l t s  
t e s t e d  wi th  M. pinetcrum a d u l t s  and E. pennsylvanicus  a d u l t s  
and j u v e n i l e s .  I n  a l l  t e s t s  p reda to r -na ive  prey  i n d i v i d u a l s  
were used.  
S e l e c t i c n  t e s t s  were conducted i n  an  indoor  room ( 7  by 
6  by 4m) frcm Octcber ,  1979 t o  May, 1980. Perches  were 
l c c a t e d  a t  o p p o s i t e  ends  c f  t h e  rccm wi th  cne  2.5 m above 
t h e  ground and t h e  o t h e r  1.5 m h igh.  The f l c o r  was covered 
wi th  sawdust ,  c rushed oak l e a v e s ,  and a  few t r e e  branches  
b u t  no s p e c i f i c  prey  r e f u g e s  were a v a i l a b l e .  A p l e x i g l a s s  
d c c r  ccvered wi th  a  dcub le  l a y e r  c f  cheese  c l o t h  pe rmi t t ed  
d i r e c t  o b s e r v a t i o n  o f  p r e d a t o r  behav ic r .  
The indoor  enc losu re  photoper iod corresponded t o  t h e  
c u r r e n t  n a t u r a l  photoper iod.  S e l e c t i o n  t e s t s  were begun 30 
min a f t e r  dark  wi th  t h e  e n c l c s u r e  l i t  by a  f l o u r e s c e n t  l i g h t  
covered wi th  red  f i l t e r s  and a  dim l i q h t  c c n t r o l l e d  by a  
v a r i a b l e  pcwer supply .  Th i s  pe rmi t t ed  d i r e c t  obse rva t ion  o f  
p r e d a t c r  behav ic r  wh i l e  ma in t a in ing  a s  lcw a  l e v e l  o f  
i l l u m i n a t i c n  (0 .63 lumens/sq.  rn) a s  p c s s i b l e  t o  s i m u l a t e  
n a t u r a l  f o r a g i n g  cond i t i ons .  
For each t r i a l ,  four  prey ind iv idua ls ,  two of each prey 
type being t e s t e d ,  were released i n t o  the enclosure i n  the  
presence c f  one owl. Prey ind iv idua ls  were i d e n t i f i e d  by 
sex o r  t c e  c l ipp ing  with body length,  t a i l  length,  and body 
weight recorded p r i o r  t c  each t r i a l .  Each owl was given 45 
min. i n  which to capture a  maximum of th ree  of the  four  prey 
ind iv idua ls .  A 20 channel E s t e r l i n e  Angus event recorder  
was used t o  monitor predator  pursu i t  time (from when the owl 
l e f t  t h e  perch to when i t  caught a prey i tem),  handling time 
(from capture u n t i l  ea t ing  commenced), and ea t ing  time. Ten 
t r i a l s  were made per  owl r e s u l t i n g  i n  t o t a l  of 20 t r i a l s  per  
prey type comparison. 
Behavioral tests. To determine d i f fe rences  i n  the 
behavior of  prey types, observations were made on prey 
before ,  during,  and a f t e r  an a e r i a l  s i l h o u e t t e  f l i g h t  i n  the  
indoor enclosure. Since responsiveness to  a e r i a l  models by 
Percmyscus, Microtus, and o ther  rodents i s  independent of 
model configurat ion (Fen t ress ,  1968; Muller Schwarze and 
Muller Schwarze, 1971; B i l d s t e i n  and Althoff ,  1979) 
behavioral  t e s t s  u t i l i z e d  a  s t y l i z e d  s i l h o u e t t e  model (177.5 
cm wingspan, 78.8 cm length)  which moved a t  0.5 m / s  along a  
monofilament l i n e  suspended between the  perches. For each 
f l i g h t  the  s i l h o u e t t e  ' f lew'  by force  of g rav i ty  from the  
higher  perch t o  the  lower perch ( 5  m) and was then hand- 
pul led back t o  the  higher  perch. 
A s i n g l e  naive individual  was released i n t o  the  room 
and i t s  behavior monitored f o r  5  min p r i o r  t o  and 5 min 
subsequent t o  the  s i l h o u e t t e ' s  f l i g h t .  The behaviors 
monitored were a c t i v i t y ,  f reez ing  (no head o r  body 
movements) , ' grooming' (p,rocming, chewing, s n i f f i n g ,  
r e a r i n g ) ,  and use of corners. Twenty t r i a l s  were conducted 
f o r  each of t h e  f i v e  prey type comparisons. 
Analysis. Predator  s e l e c t i o n  was determined using the  
s e l e c t i o n  index of Manly (1 972) and Manly e t  a l .  (1 972). 
Se lec t ion  values range from 0 when a l l  prey captured a r e  of 
type A to  +1.0 when a l l  prey captured a r e  of type B. A 
value of 0.5 occurs when there  is  no d i f fe rence  i n  the 
s e l e c t i o n  between prey types. To ccmpar the  number of each 
type presented with the number eaten a  I(' t e s t  suggested by 
Manly e t  a l .  (1972:729) was used. 
Other s t a t i s t i c a l  analyses used standard parametric and 
nonparametric t e s t s  ( ~ i e g e l ,  1956; Walsh, 1965; Dixon and 
Massey, 1969; Ycllander and Wclfe, 1975). 
RESULTS 
Selection tests shewed that M. pennsylvanicus adults 
and juveniles were significantly more vulnerable to barn owl 
predation than were P. leucopus le able 1 ). Microtus 
pinetorum tended to follow the same pattern as they were 
captured twice as often as P. leucopus, but the difference 
was not significant. There was little difference in the 
vulnerability of juvenile M_. pennsylvanicus and adult 5. 
pinetorum. 
Table 1. Selection indices (SI) for prey selection tests. 
Asterisks denote significant selection between prey types 
(x2, p <0.005). Juv. = Juveniles. Ad. = Adults. 
Prey type A SIvalue PreytypeB SIvalue 
* M. pennsylvanicus Ad. 1 .OO P. leucopus Ad. 0.0 
* M. pennsylvanicus ~ d .  0.84 M. pinetorum ~ d .  0.16 
* M. pennsylvanicus Juv. 0.75 P. leucopus Ad. 0.25 
M. pinetorum Ad. 
- 
0.66 z. leucopus Ad. 0.34 
M. pennsy1va.nicus JUV. 0.61 M. pinetorum Ad. 0.39 
- 
With respect tc sex, there were no differences in the 
vulnerability of male and female P. leucopus cr q. 
pinetorum. Within M. pennsylvanicus, juvenile females were 
captured significantly more often than males, while the 
opposite occurred among the adults  a able 2). 
Within each prey type comparison, the prey type with 
the greater mean body length was captured more frequently 
than that with the shorter mean body length (Table 3). This 
resulted in a significant correlation between differences in 
the selection index of the two prey types compared and 
differences in the weights of the two prey types 
(Spearmann's Rank Ccrrelation, r = 1.00, p < 0.01 ) . A 
similar, but less consistent occurred with respect 
to the weights of prey types, however no significant 
correlation between differences in prey weights and 
differences in their selecticn indices occurred (r = 0.64, 
p > 0.2). 
Table 2. Predator selection between sexes. Sample sizes are the 
number of trials where both a p and a o were present and 
only one animal was caught. Asterisks denote significant 
differences in the capture frequency of males and females 
( ~ 2 ,  p <0.005). Juv. = Juvenile. Ad. = Adult. 
Sample 
Prey type Size Capture frequency 
male female 
P. leucopus Ad. 
- 9 44% 56% 
M. pinetorum Ad. 
-
M. pennsylvanicus Juv. 
- 
11 9 * 91 
M. pennsylvanicus Ad. 
-
Behaviorally, Microtus species differed from E. 
leucopus both before and after overhead silhouette flights. 
Significantly more Y. pennsylvanicus (80%) and M. inetorum 
(85%) spent time f r o z e ~ o m y s c u s  (605) :ricr to 
silhouette flights. All three prey species showed a similar 
response to the silhouette as it passed overhead, with 
65-75% of the individuals of each species fleeing and the 
others exhibiting freezing behavior. After the silhouette 
flight significantly more E. leuccpus were active (55%) and 
significantly fewer exhibited freezing behavior (80%) than 
individuals of either Microtus species (X number active = 
73%, X number frozen = 
Few differences occurred in the time spent by the owls 
pursuing, handling, and eating the various prey types. No 
significant differences occurred in pursuit and handling 
times for the four prey types. However, the largest and 
heaviest prey types, E. pennsylvanicus adults and y. 
pinetorum required significantly more time to eat than did 
M. pennsylvanicus juveniles and P. leucopus. There were no 
- 
significant differences in the number of attempts required 
to capture individuals of each prey type. 
Table  3. Comparison o f  cap tu red  prey  t y p e s  weight  and body l e n g t h  
d i f f e r e n c e s .  S i g n i f i c a n t  d i f f e r e n c e s  i n  owl s e l e c t i o n  
between p rey  types  a r e  denoted  by ( " )  x2, p 10.005) .  
A l l  weight  and body l e n g t h  d i f f e r e n c e s  a r e  s i g n i f i c a n t  
( t - t e s t ,  p  <0.01)  excep t  t h o s e  marked (**) . 
P r e f e r r e d  prey  type  v s .  Mean d i f f .  Mean d i f f .  i n  
l e s s  p r e f e r r e d  p rey  t y p e  i n  weights  ( g )  body l e n g t h  ( m m )  
* M. pennsy lvan icus  ~ d .  32.80 33.6 
P.  leucopus  Ad. 
- 
* g. pennsy lvan icus  Ad. 17.16 
P. Pinetorum Ad. 
-
* M. pennsylvanicus  JUV. 0.43"" 8 . 5  
P. leucopus  Ad. 
-
M. p inetorum Ad. 
-
P. leucopus  Ad. 
-
M. pennsylvanicus  Juv .  
- -7.50 
P. p inetorum Ad. 
-
DISCUSSION 
D i f f e r e n t i a l  v u l n e r a b i l i t y  c f  prey  and t h e  s e l e c t i c n  o f  
s p e c i f i c  prey  types  by ba rn  owls h a s  been demcnst ra ted  i n  
t h i s  s tudy .  During t h e  s e l e c t i c n  t e s t s ,  a l l  prey  were 
e q u a l l y  v u l n e r a b l e  i n  te rms o f  t h e  exper imenta l  c c n d i t i o n s  
( i . e .  no r e f u g e s  e x i s t e d )  and prey  types  d i f f e r e d  on ly  i n  
terms o f  t h e i r  b e h a v i o r a l  and p h y s i c a l  c h a r a c t e r i s t i c s .  
Under t h e s e  c o n d i t i o n s ,  t h e  two Yic ro tus  s p e c i e s  were more 
v u l n e r a b l e  t c  b a r n  owl p r e d a t i o n  than  were P. leucopus.  
S i m i l a r  r e s u l t s  have been r epo r t ed  f o r  ba rn  C W ~ ~  and 
Ambrcse, 1976) and k e s t r e l s  ( B a r r e t t  and Mackey, 1975) i n  
s emi -na tu ra l  e n c l c s u r e s  where 2. pennsylvanicus  were 
cap tu red  mcre f r e q u e n t l y  t han  Peromyscus. 
The g r e a t e r  v u l n e r a b i l i t y  o f  Microtus  s p e c i e s  was due 
p a r t l y  t o  t h e i r  g r e a t e r  bcdy l e n g t h  when compared wi th  P. 
leucopus .  Large bcdy s i z e  may be i n d i c a t i v e  o f  a 
p o t e n t i a l l y  g r e a t e r  c a l o r i c  y i e l d  and g r e a t e r  energy 
b e n e f i t s  f o r  p r e d a t o r s  and t h u s  Micrc tus  were captured  mcre 
f r e q u e n t l y  t han  t h e  s m a l l e r  s p e c i e s  P. leucopus.  The l a c k  
o f  a  s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  bcdy s i z e s  o f  j u v e n i l e  2. 
pennsylvanicus  and a d u l t  3. pinetcrum r e s u l t e d  i n  no 
s i g n i f i c a n t  s e l e c t i o n  between t h e s e  two prey types .  
Behavior was a l so  important i n  determining prey 
v u l n e r a b i l i t y .  It was e a s i e r  f c r  the owls t o  capture prey 
ind iv idua ls  which were frozen r a t h e r  than ac t ive .  The 
g r e a t e r  tendency f o r  both M. pennsylvanicus and M. pinetorum 
to f r e e z e  than f o r  P. leucopus to  f reeze  may have increased 
the  v u l n e r a b i l i t y  of these microtines. 
Because Microtus were selected more frequent ly than 
were P. leucopus i t  appears t h a t  barn owls have p o t e n t i a l  
use a s  a  means of b io log ica l  con t ro l  f o r  microt ines i n  
orchards. The use of carnivores  such a s  mongooses, c a t s ,  
and weasels t o  con t ro l  rodents has not been very successful  
p a r t l y  due t o  the  d i v e r s i t y  of t h e i r  d i e t s  ( i . e .  b i r d s ,  
r a b b i t s ,  f rogs)  ( ~ c d z i c k i  , 1973; Sul l ivan and Sul l ivan ,  
1980). Barn owls however, a r e  rodent s p e c i a l i s t s  and have 
been found t o  a id  i n  r a t  con t ro l  (Lenton, 1980). 
I f  barn o w l s  a r e  e f f i c i e n t  vole predators  i n  the  f i e l d  
even when o ther  prey species  a r e  ava i lab le ,  they could 
cont r ibu te  t o  the  con t ro l  of microtines. I t  is un l ike ly  
t h a t  owls could el iminate  vole populations but i n  
conjunction with chemical methods vole populations could be 
reduced and maintained a t  minimum d e n s i t i e s  f o r  an 
appreciable  period of time. The hazard t o  owls would have 
to be minimized by using rodent icides which do not 
concentrate  i n  secondary consumers o r  which r e s u l t  i n  the 
death of rodents while i n  unexposed a reas  such a s  burrows o r  
nes t s .  I f  such an integrated cont ro l  program were 
success fu l  eccnomic b e n e f i t s  could be rea l ized  through 
reduced expenditures on the  purchase and appl ica t ion  of 
rodent icides.  
Though t h i s  study shows t h a t  microtines a r e  highly 
vulnerable  t o  barn owl predat ion i n  a  laboratory s i t u a t i o n ,  
a d d i t i o n a l  t e s t i n g  is needed t o  determine i f  the  same 
foraging p a t t e r n  occurs i n  orchards. Density est imates  of 
a l l  p o t e n t i a l  prey spec ies  within orchards need t o  be 
determined and compared with types and numbers of prey 
a c t u a l l y  eaten by barn owls o r  o ther  avian predators  
foraging i n  orchards. I f  the  r e s u l t s  of f i e l d  t e s t s  show 
t h a t  barn owls follow the  same foraging p a t t e r n  i n  t h e  f i e l d  
a s  they have i n  the  laboratory ( i . e .  s e l e c t  animals 
according t o  t h e i r  s i z e  and possibly behavicr) then one can 
p r e d i c t  i n  what a reas  owls w i l l  be most e f f e c t i v e  a t  
reducing microt ine populations r a t h e r  than those of co- 
occurr ing species .  
The authors  acknowledge the support of a  g ran t  from t h e  
U.S. Fish and Wi ld l i fe  se rv ice  372949-1 to the  junior  
author. 
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